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1 .0  Introduction 


Analysis  of  a  cohort  of  1380  survivors  of  childhood  Hodgkin's  disease  (HD)  from  the  Late  Effects  Study  Group 
(LESG)  has  shown  a  75-fold  increased  risk  of  breast  cancer  compared  with  the  general  population,  with  the 
cumulative  probability  of  developing  breast  cancer  approaching  35%  by  40  years  of  age  among  the  female 
survivors  of  HD.  The  median  age  at  diagnosis  of  breast  cancer  was  31.5  years  (15.4  to  42  years)  and  the 
median  latency  was  19.3  years  (2.4  to  28.5  years).  We  hypothesize  that  patients  with  HD  who  subsequently 
develop  breast  cancer  have  a  genetic  susceptibility  to  develop  second  neoplasms,  specifically  breast  cancer. 
The  purpose  of  this  proposal  is  to  identify  a  subpopulation  among  the  survivors  of  HD,  that  is  at  an  increased 
risk  for  developing  breast  cancer,  and  to  institute  intervention  in  the  form  of  active  screening  and  possibly 
chemoprevention.  We  plan  to  obtain  and  validate  family  histories  of  individuals  with  secondary  breast  cancer 
in  order  to  quantitate  the  risk  of  breast  cancer  in  the  respective  families.  We  also  plan  to  identify  somatic 
and/or  germline  mutations  in  candidate  genes  known  to  be  associated  with  breast  cancer,  including  p53, 
BRCA1  and  ATM.  In  addition,  we  plan  to  institute  a  surveillance  protocol  in  the  HD  patients  identified  to  be  at  a 
high  risk  of  developing  secondary  breast  cancer  (age  between  10  and  16  years  at  time  of  diagnosis  of  HD, 
mantle  radiation),  to  look  at  the  efficacy  of  mammography  as  a  screening  tool  in  early  detection  of  breast 
cancer  and  in  reducing  mortality.  There  will  be  ongoing  surveillance  and  expansion  of  the  original  cohort  to 
recruit  more  patients  to  the  study. 


1.1  Specific  Aims 


Analysis  of  a  cohort  of  1380  survivors  of  childhood  Hodgkin's  disease  (HD)  from  the  Late  Effects  Study  Group 
(LESG)  has  shown  a  75-fold  increased  risk  of  secondary  breast  cancer  compared  with  the  general  population 
(Bhatia  et  al,  1995).  We  hypothesize  that  patients  with  HD  who  subsequentiy  develop  breast  cancer 
have  a  genetic  susceptibility  to  do  so.  The  goal  of  this  proposal  is  to  identify  a  subpopulation  among 
survivors  of  HD,  that  is  at  an  increased  risk  for  developing  breast  cancer.  We  will  use  an  established  and 
active  cohort  of  female  survivors  of  HD,  diagnosed  between  1955  and  1986  at  one  of  the  participating 
institutions  of  the  Late  Effects  Study  Group  (LESG)  Appendix.  Thus  far,  seventeen  patients  have  been 
identified  with  secondary  breast  cancer  in  this  cohort. 


1.1.1  Specific  Aim  1. 

To  obtain  and  validate  family  histories  of  individuals  with  secondary  breast  cancer  following 
successful  treatment  of  HD,  in  order  to  quantify  the  risk  of  breast  cancer  in  the  respective  families. 

1.1.2  Specific  Aim  2. 

To  identify  somatic  and  germline  mutations  in  candidate  genes  known  to  be  associated  with  both 
breast  cancer  and  sensitivity  to  radiation-induced  carcinogenesis. 

i  Tumor  tissue  (paraffin-embedded  or  frozen)  will  be  obtained  from  the  17  patients  with  post-HD 
breast  cancer.  Tissue  will  be  examined,  using  PCR-SSCP  and  immunochemistry,  for  somatic 
mutations  in  p53,  a  gene  known  to  be  involved  in  both  radiation  sensitivity  and  in  the  etiology  of 
breast  cancer.  Additionally,  in  frozen  samples  where  RNA  is  available,  tumor  will  be  screened  for 
mutations  in  the  gene  ATM  which  is  mutated  in  ataxia  telangiectasia. 
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ii  Samples  of  peripheral  blood  will  be  obtained  from  those  patients  with  breast  cancer  who  are  known 
to  be  surviving  (n=12),  and  will  be  examined  using  PCR-SSCP  for  germline  mutations  in  p53,  and  by 
RT-PCR  and  SSCP  for  germline  mutations  in  the  gene  ATM. 

iii  A  recurring  mutation  in  exon  20  of  the  gene  BRCA1  has  been  described  in  families  with  breast 
cancer  and  HD.  PCR-SSCP  will  be  used  to  screen  the  study  population  for  germline  or  somatic 
mutation  of  BRCA1  at  this  site. 

iv  Samples  of  peripheral  blood  will  also  be  obtained  from  control  HD  patients  who  have  not 
developed  breast  cancer.  Controls  will  be  matched  with  the  breast  cancer  patients  for  age,  length  of 
follow-up  and  treatment  course.  These  samples  will  also  be  studied  using  PCR-SSCP  for  germline 
mutations  in  p53  and  BRCA1 ,  and  by  RT-PCR  and  SSCP  for  mutations  in  ATM. 

1 .1 .3  Specific  Aim  3. 

To  maintain  and  expand  the  cohort  of  HD  survivors  under  surveillance,  in  order  to  incorporate  any 
newly  diagnosed  patients  with  breast  cancer  into  the  current  studies. 

7  n  RACKGROUND  AND  SIGNIFICANCE 

2.1  Hodgkin's  Disease 

Over  the  last  three  decades  there  has  been  a  marked  improvement  in  survival,  with  five-year  survival 
rates  now  approaching  90%. (1)  Because  of  this  improvement  in  survival,. long-term  sequelae  of  HD  and  its 
treatment  (specifically  second  neoplasms)  are  now  being  encountered  (2-5)  In  contrast  to  the  risk  of 
treatment-related  leukemia,  which  does  not  appear  to  extend  beyond  10  years,  the  risk  of  developing  a  solid 
tumor  continues  beyond  15  years.  This  is  the  most  important  problem  facing  HD  patients  and  their  physicians 
today. 

2.2  Breast  Cancer  Risk  following  Radiation 

An  increased  risk  of  breast  cancer  has  been  observed  among  women  exposed  to  radiation  during 
atomic  bomb  explosions,  repeated  chest  fluoroscopies,  or  treatment  of  postpartum  mastitis  and  women  with 
early-stage  HD  who  receive  mantle  irradiation. (20-26)  Common  features  of  radiation-associated  breast 
cancers  are  the  importance  of  age  at  first  exposure  to  radiation  (puberty)  and  the  long  latency  period  (at  least 

10  years  from  exposure). (26,27) 

2.3  Genetic  Susceptibility  to  Breast  Cancer 

The  development  of  breast  cancer  after  exposure  to  ionizing  radiation  also  may  be  influenced  by 
genetic  susceptibility.(28,29)  Claus  et  al  (31)  provide  age-specific  estimates  of  risk  for  women  by  type  of 
relative  affected  with  breast  cancer  as  well  as  by  age  at  onset  of  the  affected  relative.  These  data  can  be  used 
to  estimate  a  woman's  risk  of  breast  cancer  for  the  purpose  of  counseling  and  decisions  regarding  time  and 
frequency  of  active  screening,  and,  at  the  time  of  diagnosis  of  HD,  in  trying  to  modify  therapy. 

2.3.1  Tumor  Suppressor  Genes  and  Breast  Cancer 

The  p53  gene  functions  as  a  tumor  suppressor  gene  and  regulates  the  cell-cycle  response  to  DNA 
damage.  Somatic  mutations  of  this  gene  are  extremely  frequent  in  human  cancer,  including  breast  cancer  and 
HD.  In  vitro  data  have  shown  that  the  p53  tumor  suppressor  gene  is  an  important  participant  in  the  cellular 
response  to  ionizing  radiation,  with  cells  lacking  p53  being  unable  to  arrest  the  cell  cycle  to  repair  DNA 
damage  or  enter  into  apoptic  cell  death  following  irradiation.  Importantly,  transgenic  mice  that  lack  wild-type 
p53  have  an  increased  susceptibility  to  radiation  induced  carcinogenesis.(34)  This  susceptibility  to  radiation- 
induced  carcinogenesis  is  associated  with  a  two-fold  increase  in  the  in  vivo  accumulation  of  radiation-induced 
double-stranded  chromosomal  breaks  relative  to  those  observed  in  wild-type  animals.  Thus,  it  appears  that 
one  of  the  ways  in  which  p53  acts  to  suppress  tumor  formation  in  vivo  is  by  preventing  the  accumulation  of 
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cells  that  have  sustained  radiation-induced  DNA  damage.  These  data  indicate  that  germline  mutations  in  p53 
present  in  patients  with  Hodgkin’s  disease  would  predispose  those  patients  to  radiation  induced  second 
malignancy,  including  breast  cancer. 

2.3.2  Ataxia-Telangiectasia  Gene  and  Breast  Cancer 

Ataxia-telangiectasia  (AT)  is  an  autosomal  recessive  syndrome  of  progressive  cerebellar  ataxia, 
immune  deficiency  and  oculo-cutaneous  telangiectasia  associated  with  a  high  incidence  of  lymphoid 
malignancy.  Heterozygotes  for  the  AT  gene  are  five  times  more  likely  to  develop  breast  cancer  than  are 
noncarriers  of  the  gene  and  appear  to  be  particularly  sensitive  to  the  effects  of  ionizing  radiation. (35) 
Approximately  1.5%  of  the  general  population  are  AT  heterozygotes,(36)  with  the  gene  possibly  accounting  for 
up  to  8%  of  all  breast  cancers.  These  data  suggest  that  radiation-induced  breast  cancer  may  occur 
preferentially  in  women  with  Hodgkin's  disease  who  also  happen  to  be  AT  heterozygotes.  A  single  gene 
responsible  for  AT  has  recently  been  identified  and  produces  a  product  similar  to  phosphatidylinositol-3' 
kinase. (37)  Study  of  this  gene  will  allow  a  clearer  understanding  of  mechanisms  of  radiation-induced 
carcinogenesis,  and  in  the  future  may  allow  the  prospective  identification  of  patients  at  particularly  high  risk. 

2.3.3  BRCA1  and  Breast  Cancer 

BRCA1  is  a  gene  located  on  chromosome  17q21  which  is  mutated  in  a  subset  of  women  with 
hereditary  breast  and  ovarian  cancer.  Women  carrying  germline  BRCA1  mutations  (estimated  to  be  1  in  200  to 
1  in  400  people  in  the  United  States)  have  an  85%  lifetime  risk  of  breast  cancer  often  occurring  before  the  age 
of  50.(38)  In  a  recent  study,  four  unrelated  families  have  been  shown  to  share  a  mutation  designated 
5382insC  in  exon  20  of  the  BRCA1  gene,  with  one  family  reporting  both  breast  cancer  and  HD. (39)  This 
specific  BRCA1  mutation  may  be  important  in  the  etiology  of  both  diseases. 

2.4  Significance  of  the  Planned  Research 

With  current  therapies,  90%  of  pediatric  HD  patients  are  cured  of  their  cancer.(l)  Current  data  suggest 
that  approximately  35%  of  the  female  HD  survivors  are  going  to  develop  secondary  breast  cancer  by  the  time 
they  are  40  years  of  aoe.  It  is  therefore  very  important  to  identify  risk  factors  for  the  development  of  secondary 
breast  cancer,  those  related  both  to  HD  treatment  (age  at  radiation  exposure  and  dose  of  radiation)  and  to 
genetic  susceptibility  (p  53,  BRCA1,  ATM).  This  information  is  needed  in  order  to  consider  instituting  measures 
for  early  detection  (in  the  form  of  active  screening,  specifically  mammographies),  chemoprevention  and 
modification  of  therapy  for  HD. 

3.0  PRELIMINARY  STUDIES 

3.1  Increased  Risk  of  Breast  Cancer  following  Childhood  Hodgkin’s  Disease;  We  followed  a 
cohort  of  1380  children  with  HD  (diagnosed  at  one  of  the  participating  LESG  institutions)  for  an  average  of 
10.7  years  to  determine  the  incidence  of  second  malignant  neoplasms  and  associated  risk  factors.  Eighty- 
eight  second  malignancies  occurred  in  this  cohort  (Standardized  Incidence  Ratio  (SIR),  18.1,  95%  confidence 
interval  (Cl),  14.3-22.3).  Breast  cancer  was  the  most  common  solid  tumor  (n=17;  median  age  at  diagnosis  of 
breast  cancer:  31.5  years;  median  latency  from  diagnosis  of  HD:  19.3  years).  (Appendix  Table  1)  HD 
survivors  were  at  a  75-fold  increased  risk  of  developing  breast  cancer  when  compared  to  the  general 
population  (SIR,  75.3,  95%  Cl,  44.9-118.4).  The  actuarial  estimated  cumulative  probability  of  developing 
breast  cancer  was  35±9%  at  40  years  of  age  for  the  cohort  of  female  HD  survivors.  Multivariate  analysis 
revealed  older  age  at  diagnosis  of  HD  (RR=1.7,  p=0.03)  and  dose  of  radiation  to  be  independently  associated 
with  increased  risk  (RR=5.9,p=0.03  for  radiation  dose  between  2000  and  4000  cGy;  RR=23.7,  p=0.009  for 
radiation  dose  exceeding  4000  cGy). 
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4  0  RESEARCH  DESIGN  AND  METHODS 


4.1  Patient  Eligibility;  i)  Diagnosis  of  HD  at  one  of  the  LESG  institutions  between  1955  and  1986;  ii)  Age  less 
than  16  years  at  diagnosis  of  HD;  iii)  Female  gender. 

4.1.1  Control  Selection:  Controls  for  Specific  Aims  1  and  2  will  be  identified  from  the  remaining  population  of 
female  Hodgkin’s  disease  survivors  using  the  following  criteria  for  matching: 

i)  age  at  diagnosis  of  Hodgkin’s  disease  (±  1  year)  iii)  radiation  to  mantle  area 

ii)  length  of  follow-up  following  Hodgkin’s  disease  (±  1  yr)  iv)  primary  institution 

All  study  participants  will  be  required  to  sign  a  written  informed  consent  form,  approved  by  the  Institutional 
Review  Board  of  their  institution 

4.2  Methods  -  Specific  Aim  1 

4.2.1  Family  Histories 

Pedigrees  will  be  constructed  including  all  first  and  second  degree  relatives  of  the  proband,  by  using 
the  detailed  family  history  approach. (54).  A  chronological  listing  of  all  first  and  second  degree  relatives  will  be 
obtained  and  information  obtained  on  demographic  factors,  vital  status  of  the  person  (if  deceased,  the  cause 
of  death  and  age;  if  alive,  inquiry  will  be  made  into  his  or  her  medical  history).  If  the  person  has  a  history  of 
breast  and  or  ovarian  cancer,  information  will  be  obtained  about  the  site  and  type  of  cancer,  age  at  diagnosis 
and  the  hospital  where  the  diagnosis  was  made.  All  positive  reports  of  cancer  will  then  be  validated  from 
available  hospital  or  medical  records.  This  information  will  also  be  used  to  determine  the  incidence  of  cancer  in 
the  families  (data  analysis  section).  A  summary  family  history  (FH)  score  for  each  family  would  be  obtained 
(data  analysis  section).  In  addition,  the  participants  will  be  asked  questions  concering  age  at  menarche  and 
menopause,  reproductive  history,  smoking  habits,  the  regular  use  of  any  medicines  during  the  previous  6 
months,  endocrine  disorders  and  years  of  education.  They  would  also  be  asked  to  give  their  most  current 
height  and  weight  for  th  purpose  of  calculating  body  mass  index. 

4.3  Methods  -  Specific  Aim  2. 

Blood  samples  from  the  surviving  cases  and  from  all  the  controls  will  be  obtained  by  the  respective 
institutions  and  shipped  to  the  University  of  Minnesota.  Samples  will  be  coded  by  number  prior  to  analysis  and 
investigators  will  be  blinded  to  the  case-control  status.  Study  participants  will  be  informed  that  results  of  the 
analysis  will  not  be  available  on  an  individual  basis. 

4.3.1  Molecular  Studies 

1.  p63  -  Sample  of  tumor  tissue  (paraffin-embedded  or  frozen)  will  be  obtained  from  the  17  patients 
already  identified  as  having  developed  breast  cancer  after  treatment  for  childhood  HD.  Tumor  tissue  will  be 
studied  for  p53  mutation  using  immunochemistry  and  PCR-SSCP.  Immunochemistry  will  be  performed  on 
paraffin  embedded  tissue  using  a  purified  mouse  monoclonal  antibody  that  recognizes  wild-type  and  mutant 
p53  (clone  DO-1 ,  Oncogene  Science).  The  presence  of  detectable  p53  protein  by  immunochemistry  has  been 
correlated  with  the  presence  of  mutation  in  the  gene,  and  the  distribution  (nuclear  and  cytoplasmic)  has  been 
suggested  to  be  important  in  the  pathogenesis  of  breast  cancer.(56)  The  paraffin  embedded  tissue  will  be 
dewaxed  and  then  incubated  with  unlabeled  primary  monoclonal  antibodies.  Specifically  bound  antibody  will 
then  be  visualized  by  incubation  with  a  biotinylated  secondary  antibody  followed  by  a  preformed  avidin- 
biotinylated  horseradish  peroxidase  macromolecular  complex  and  substrate.  Samples  will  be  examined  by 
light  microscopy  and  the  presence  of  p53  staining  and  its  distribution  recorded  and  compared  with  positive  and 
negative  controls  provided  by  the  manufacturer.  PCR-SSCP  will  be  used  to  identify  sites  of  mutation  in  the  p53 
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gene,  which  will  then  be  characterized  by  direct  DNA  sequencing.  DNA  will  be  extracted  from  paraffin- 
embedded  tissue  using  standard  techniques.  Briefly,  10  micron  slices  will  be  prepared  from  paraffin  blocks  in  a 
sterile  manner.  Samples  will  then  be  chopped  into  small  fragments  with  a  fresh  sterile  scalpel  blade  for  each 
sample,  deparaffinized  with  xylene,  rehydrated  in  TEN  buffer  (10  microm  Tris,  HCI  pH  7.5,  2  mM  EDTA  and 
100  mM  NaCI)  and  digested  overnight  with  proteinase  K.  Samples  will  then  be  extracted  with  phenol- 
chloroform,  ethanol  precipated,  washed  with  70%  ethanol,  dried  and  resuspended  in  TE  buffer  for 
amplification.  DNA  will  be  similarly  extracted  from  frozen  tissue  by  homogenization  followed  by  proteinase  K 
digestion,  phenol  extraction  and  ethanol  precipitation.  PCR  amplification  of  exons  4  to  10  of  the  p53  gene  will 
be  performed  using  six  different  sets  of  primers  to  generate  fragments  of  a  suitable  size  for  SSCP,  as 
described  by  Murakami  et  al.(57)  Briefly,  the  5'  ends  of  primers  will  be  labeled  by  the  polynucleotide  kinase 
reaction  with  [^^P]ATP.  The  DNA  samples  (100  ng)  will  be  subjected  to  PCR  using  each  primer  pair.  Five 
microliters  of  the  PCR  product  will  then  be  mixed  with  formamide  dye  (95%  formamide,  20mm  EDTA,  0,05% 
xylene  cyanol  and  0.05%  bromophenol  blue),  heated  to  80  degrees  Centigrade  and  applied  to  a  0.5XMDE 
(mutation  detection  enhancement,  AT  Biochem)  gel.  Samples  will  then  be  dried  on  filter  paper  and  exposed  to 
x-ray  film  for  12  hours.  DNA  fragments  showing  a  mobility  shift  by  PCR-SSCP  analysis  will  be  subjected  to 
direct  sequencing  using  dideoxy  chain  termination  as  previously  described  to  characterize  the  mutation  and 
distinguish  polymorphisms. 

2.  ATM  -  A  cDNA  clone  representing  part  of  the  coding  sequence  of  the  gene  mutated  in  ataxia 
telangiectasia  has  recently  been  isolated  and  the  sequence  deposited  in  Genbank.(37)  We  will  screen  study 
participants  for  mutations  in  this  cDNA  by  extraction  of  RNA  and  RT-PCR  followed  by  SSCP,  as  previously 
described.(37)  Total  RNA  will  be  extracted  from  peripheral  blood  leukocytes  or  frozen  tumor  tissue  with  the 
Tri-reagent  system  (Molecular  Research  Center,  Cincinnati,  OH)  and  reverse  transcribed  with  Superscript  II 
reverse  transcriptase  (Gibco-BRL,  Gaithersburg,  MD)  and  an  oligo-(dT)  primer.  The  reaction  products  will 
serve  as  template  for  gene-specific  primers  which  will  be  devised  from  the  known  sequence  of  ATM  and  used 
for  PCR  amplification  and  SSCP  analysis.  Fragments  with  abnormal  migration  identified  by  SSCP  will  be 
sequenced  as  described  above.  It  is  estimated  that  approximately  20  primer  pairs  will  be  needed  to  cover  the 
5.9  kb  of  known  sequence.  As  genomic  sequence  of  the  ATM  becomes  available,  genomic  primers  will  be 
devised  and  utilized  to  look  for  somatic  mutations  of  the  ATM  gene  in  paraffin-embedded  tumor  tissue. 

3.  BRCA1  -  Peripheral  leukocytes  and  tumor  tissue  from  all  study  participants  will  be  screened  for 
mutations  in  exon  20  of  BRCA1.  DNA  will  be  extracted,  amplified  using  specific  primers  as  described  by 
Simard  et  al,(58)  and  screened  for  mutation  using  SSCP  as  described  above.  Fragments  with  abnormal 
mobility  will  be  directly  sequenced  to  characterize  the  mutation.  In  patients  with  a  high  Family  History  Score 
(methods  for  Specific  Aim  1),  the  entire  BRCA1  coding  sequence  will  be  screened  for  germline  and  somatic 
mutation  by  PCR-SSCP  as  described  by  Simard  et  al.(58) 

4.3.3  Controls  Subjects 

Samples  of  peripheral  blood  will  also  be  obtained  from  control  HD  patients  who  have  not  developed 
breast  cancer.  These  samples  will  also  be  studied  using  PCR-SSCP  for  germline  mutations  in  p53  and  exon 
20  of  BRCA1,  and  by  RT-PCR  and  SSCP  for  mutations  in  ATM. 

4.4  Methods  -  Specific  Aim  3. 

All  patients  who  were  alive  at  the  time  of  the  last  update  will  be  identified,  and  a  questionnaire  will  be 
sent  to  the  physician  in  the  respective  institutions.  Information  to  be  gathered  includes:  1)  date  of  last  contact, 
2)  vital  status  of  the  patients  at  last  contact,  3)  development  of  neoplasm  since  the  last  contact,  4)  recurrence 
of  HD.  patients  newly  diagnosed  with  breast  cancer  will  be  incorporated  into  the  study,  and  consent  obtained 
for  construction  of  pedigrees  and  procuring  blood  and  tissue  samples  for  identifying  somatic  and/or  germline 
mutations  in  the  candidate  genes. 
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5.0  DATA  ANALYSIS 

5.1  Specific  aim  1:The  expected  number  of  affected  family  members  based  on  demographic  information 
(age,  sex,  race,  and  possibly  birth  cohort)  will  be  calculated  for  both  the  cases  (HD/breast  cancer)  and  the 
controls  (HD).  Estimates  of  cumulative  incidence  rates  derived  from  appropriate  population  surveys  (SEER 
registry,  and  registries  from  other  countries  representing  the  case-control  families)  will  be  multiplied  by  the 
total  person-years  at  risk  for  the  family  to  calculate  the  expected  number  of  cases  for  a  family.  Person-years  at 
risk  are  accumulated  from  birth  until  age  at  interview  or  age  at  death  for  persons  without  cancer,  or  age  at 
diagnosis  for  persons  with  breast  cancer.  Gender,  race,  age  and  time-specific  incidence  rates  will  be  used  to 
compute  the  expected  number  of  cases.  This  expected  number  (Ei)  for  the  ith  family  is  then  compared  to  the 
observed  number  (Oi)  to  give  a  summary  family  history  (FH)  score  for  this  family  as 

FHj  =  Or  E/fEj)’''^  (where  Oi  =_0|j  and  Ei  =  _Eij  for  all  j  members  of  the  ith  family). (55)  Family  history  scores 
directly  quantitate  the  risk  of  disease  in  a  family,  but  they  can  also  be  categorized  into  groups  of  essentially 
negative  family  history  (FH<0.5),  mild  positive  family  history  (1.0<FH<2.0),  and  very  strong  family  history 
(FH>2.0).(55)  Analysis  of  variance  and  t-tests  will  be  employed  to  compare  scores  in  the  two  groups  of 
patients.  Analyses  will  be  performed  with  the  Epilog  software.(59) 

5.2  Specific  Aim  2:  Conditional  logistic  regression  will  form  the  basis  of  most  statistical  analysis  for  cases  and 
their  matched  controls.  Three  groups  of  variables  will  be  defined;  predominantly  hereditary  factors  (family 
history,  body  height),  reproductive  factors  (age  at  menarche,  age  at  menopause,  when  applicable, 
reproductive  history)  and  body  measurements.  Within  these  groups,  a  forward  stepwise  analysis  based  on 
comparison  of  p-values  will  be  performed  to  identify  risk  factors.  Relative  Risk  based  on  odds  ratio  will  be 
tested  for  trend  and  linearity.  In  testing  a  particular  variable  only  those  study  participants  will  be  excluded,  who 
have  missing  values  for  that  variable  or  for  those  already  included  in  the  model. 
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6.0  Projects  completed  as  of  June  1997 


As  of  June  1997,  I  have  completed  the  construction  of  pedigrees  for  families  of  patients  with 
secondary  breast  cancer.  Pedigrees  were  constructed  including  all  first  and  second  degree 
relatives  of  the  proband,  by  using  the  detailed  family  history  approach.  A  chronological  listing  of 
all  first  and  second  degree  relatives  were  obtained  and  information  obtained  on  demographic 
factors,  vital  status  of  the  person  (if  deceased,  the  cause  of  death  and  age;  if  alive,  inquiry  was 
made  into  his  or  her  medical  history).  If  the  person  had  a  history  of  breast  and  or  ovarian 
cancer,  information  was  obtained  about  the  site  and  type  of  cancer,  age  at  diagnosis  and  the 
hospital  where  the  diagnosis  was  made.  The  expected  number  of  affected  family  members 
based  on  demographic  information  (age,  sex,  race,  and  possibly  birth  cohort)  was  calculated  for 
the  cases  (HD/breast  cancer).  Estimates  of  cumulative  incidence  rates  derived  from  appropriate 
population  surveys  (SEER  registry)  were  multiplied  by  the  total  person-years  at  risk  for  the 
family  to  calculate  the  expected  number  of  cases  for  a  family.  Person-years  at  risk  were 
accumulated  from  birth  until  age  at  interview  or  age  at  death  for  persons  without  cancer,  or  age 
at  diagnosis  for  persons  with  cancer.  This  information  was  used  to  determine  the  incidence  of 
cancer  in  the  families  (data  analysis  section).  Analysis  of  the  data  collected  form  these  families 
reveals  no  excess  risk  compared  to  the  general  population  (manuscript  enclosed).  I  have 
obtained  breast  cancer  tissue  from  most  of  the  cases,  and  am  in  the  process  of  looking  for 
somatic  p53  mutations  in  the  breast  tissue.  Blood  is  being  obtained  from  the  surviving  patients 
with  secondary  breast  cancer,  in  order  to  identify  mutations  in  the  ATM  gene.  In  addition,  I  am 
in  the  process  of  completing  a  manuscript  on  recommendations  for  screening  female  survivors 
of  Hodgkin’s  Disease  for  early  detection  of  secondary  breast  cancer. 

Conclusion 


In  an  expanded  assessment  of  the  13  cases  with  breast  cancer  developing  at  a  very  young  age 
following  treatment  for  Hodgkin’s  disease,  we  failed  to  demonstrate  any  evidence  of  familial 
aggregation  of  cancer  (breast  or  otherwise)  among  family  members.  However,  the  influences  of 
other  well-established  risk  factors  for  the  development  of  breast  cancer,  and  biomarkers  of 
genetic  susceptibility  (mutations  in  candidate  genes),  need  to  be  explored  in  future  studies,  in 
order  to  identify  high  risk  populations. 
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Family  History  of  Cancer  in  Patients  with  Breast  Cancer  diagnosed 
following  Treatment  of  Hodgkin’s  Disease  in  Childhood 

Smita  Bhatia,  MD,  MPH;  Anna  T  Meadows,  MD;  Leslie  L  Robison,  Ph.D. 

In  a  recent  study  of  the  Late  Effects  Study  Group  (LESG),^  we  had  observed  an 
increased  risk  of  breast  cancer  among  female  survivors  of  Hodgkin’s  disease 
diagnosed  in  childhood  (standardized  incidence  ratio  75.3),  with  the  estimated  actuarial 
incidence  approaching  35  percent  by  40  years  of  age.  Age  at  time  of  radiation  (10  to  16 
years:  relative  risk  1.7)  and  radiation  dose  (relative  risk  5.9)  were  associated  with 
significantly  increased  risk.  Since  then,  there  have  been  other  reports  of  breast  cancer 
developing  after  treatment  of  Hodgkin’s  disease  in  childhood,  with  the  relative  risks 
ranging  from  17  to  61  times  that  of  the  general  population. 

Prior  studies^  '*  have  shown  that  pubertal  breast  tissue  is  especially  sensitive  to  the 
carcinogenic  effects  of  ionizing  radiation.  However,  the  influence  of  well-established  risk 
factors  for  breast  cancer  (e.g.  a  family  history,  etc.)  on  the  development  of  radiation- 
associated  tumors  have  not  been  explored  thus  far. 

We  conducted  a  study  to  evaluate  the  role  of  genetic  predisposition  (as  measured  by 
family  history  of  cancer)  in  the  development  of  breast  cancer  among  the  LESG  cohort 
of  survivors  of  Hodgkin’s  disease  in  childhood.  Of  17  women  with  secondary  breast 
cancer  identified  in  this  cohort,^  13  probands  (76%)  or  their  surviving  next  of  kin  were 
available  for  construction  of  pedigrees.  The  median  age  at  diagnosis  of  Hodgkin’s 
disease  for  these  patients  was  13  years  (range,  7  to  15  years),  and  that  for  breast 
cancer  was  34  years  (range,  24  to  40  years).  Nineteen  family  members  were  reported 
to  have  experienced  cancer  among  the  180  first-  and  second-degree  relatives  (total 
follow-up  of  9,351  person-years).  Observed  and  expected  cases  (using  cancer 

incidence  rates  from  the  SEER  Registry  ),  standardized  incidence  ratios  and  95% 
confidence  intervals  were  calculated. 

Overall,  there  was  a  significantly  decreased  risk  of  cancer  among  the  family  members 
(SIR=0.6,  95%  Cl,  0.4-0. 9)  (Table  1).  Breast  cancer  was  reported  in  three  family 
members  (median  age  at  diagnosis,  59.5  years;  range,  46  to  70  years).  There  was  no 
excess  of  breast  cancer  overall,  or  in  any  of  the  subgroup  of  relatives  examined. 

In  an  expanded  assessment  of  the  13  cases  with  breast  cancer  developing  at  a  very 
young  age  following  treatment  for  Hodgkin’s  disease,  we  failed  to  demonstrate  any 
evidence  of  familial  aggregation  of  cancer  (breast  or  othenwise)  among  family  members. 
However,  the  influences  of  other  well-established  risk  factors  for  the  development  of 
breast  cancer,  and  biomarkers  of  genetic  susceptibility  (mutations  in  candidate  genes), 
need  to  be  explored  in  future  studies,  in  order  to  identify  high  risk  populations. 
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Table  1.  Risk  of  cancer  in  relatives  of  patients  with  secondary  breast  cancer*  according  to  age  of 

PROBAND  AND  RELATIONSHIP  TO  PROBAND. 


History  of  Cancer  in  Family  Members 

Observed 

Expected 

SIRt  (95%  Cl)# 

All  Relatives 

19 

30.9 

0.6  (0.4-0.9) 

Relatives  of  probands  <  13  yrs  at  Dx  of  HD 

10 

12.3 

0.8  (0.4-1. 4) 

Relatives  of  probands  >  13  yrs  at  Dx  of  HD 

9 

18.6 

0.5  (0.2-0.9) 

Relatives  of  probands  <  34  yrs  at  Dx  of  breast  ca 

13 

12.7 

1.0  (0.5-1. 7) 

Relatives  of  probands  >  34  yrs  at  Dx  of  breast  ca 

6 

18.2 

0.3(0.1-0.6) 

First-degree  Relatives 

3 

5.8 

0.5  (0.1-1. 3) 

Maternal  Relatives 

13 

13.2 

1.0(0.5-16) 

Paternal  Relatives 

6 

17.1 

0.4  (0.1 -0.7) 

*  Patients  belong  to  the  LESG  cohort^ 

T  SIR  denotes  standardized  incidence  ratios 
t  Cl  denotes  confidence  interval 
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7.0  Conclusion 


In  an  expanded  assessment  of  the  13  cases  with  breast  cancer  developing  at  a  very  young  age  following 
treatment  for  Hodgkin’s  disease,  we  failed  to  demonstrate  any  evidence  of  familial  aggregation  of  cancer 
(breast  or  otherwise)  among  family  members.  However,  the  influences  of  other  well-established  risk  factors  for 
the  development  of  breast  cancer,  and  biomarkers  of  genetic  susceptibility  (mutations  in  candidate  genes), 
need  to  be  explored  in  future  studies,  in  order  to  identify  high  risk  populations. 
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Table  1 .  Characteristics  of  the  1 7  patients  with  secondary  breast  cancer 


LESGNO* 

Age  at  HD** 

Age  at  BC# 

Years  to  BC 

Status 

252 

6  yrs 

34.5  yrs 

28.5  yrs 

Alive 

256 

12  yrs 

16.3  yrs 

4.3  yrs 

Alive 

257 

14  yrs 

22.3  yrs 

8.2  yrs 

Alive 

448 

15  yrs 

28.7  yrs 

13.7  yrs 

Dead 

454 

11  yrs 

32.1  yrs 

21.1  yrs 

Alive 

596 

13  yrs 

15.4  yrs 

2.4  yrs 

Alive 

606 

15  yrs 

37.3  yrs 

22.3  yrs 

Alive 

629 

14  yrs 

39.0  yrs 

25.0  yrs 

Alive 

642 

15  yrs 

37.1  yrs 

22.1  yrs 

Alive 

674 

14  yrs 

27.1  yrs 

13.1  yrs 

Alive 

701 

12  yrs 

38.4  yrs 

26.4  yrs 

Alive 

756 

12  yrs 

36.2  yrs 

24.2  yrs 

Alive 

914 

15  yrs 

25.0  yrs 

10  yrs 

Alive 

2174 

14  yrs 

29.8  yrs 

15.8  yrs 

Dead 

2175 

14  yrs 

42.0  yrs 

28.0  yrs 

Unknown 

2176 

12  yrs 

36.3  yrs 

24.3  yrs 

Dead 

2253 

13  yrs 

30.8  yrs 

17.8  yrs 

Unknown 

*LESGNO  denotes  Late  Effects  Study  Group  Number 
**  Age  at  HD  dnotes  age  at  diagnosis  of  Hodgkin’s  disease 

#  BC  denotes  breast  cancer 

3.7  Late  Effects  Study  Group 

The  Late  Effects  Study  Group  (LESG)  consists  of  15  institutions  from  the  United  States,  Canada  and 
Western  Europe,  and  is  involved  in  studying  Long-Term  Complications  following  childhood  cancer.  The 
following  institutions  are  included  in  the  LESG: 


Dana-Farber  Cancer  Institute,  Boston 
Columbus  Children's  Hospital,  Columbus 
Children's  Hospital  of  Philadelphia 
Children's  Memorial  Hospital,  Chicago 
Roswell  Park  Memorial  Institute,  Buffalo 
University  of  Minnesota,  Minneapolis 
Children's  Hospital  of  Los  Angeles,  LA 
Institut  Gustave-Roussy,  Villejuif,  France 


Children's  Hospital  Medical  Center,  Cincinnati 

Children's  NationalMedical  Center,  Washington  DC 

Children's  Hospital  of  Pittsburgh 

Hospital  for  Sick  Children,  Toronto 

Emma  KinderZiekenhuis,  Amsterdam 

Royal  Manchester  Children's  Hospital,  England 

Istituto  Nazionale  Tumori,  Milan,  Italy 
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BREAST  CANCER  AND  OTHER  SECOND  NEOPLASMS  AFTER 
CHILDHOOD  HODGKIN’S  DISEASE 

Smita  Bhatia,  M.D.,  Leslie  L,  Robison,  Ph.D.,  Odile  Oberlin,  M,D., 

Mark  Greenberg,  M.B.,  Ch.B.,  Greta  Bunin,  Ph.D.,  Franca  Fossati-Bellani,  M.D., 

AND  Anna  T.  Meadows,  M.D. 


Abstract  Background.  Patients  who  survive  Hodgkin’s 
disease  are  at  increased  risk  for  second  neoplasms.  As 
survival  times  increase,  solid  tumors  are  emerging  as  a 
serious  long-term  complication. 

Methods.  The  Late  Effects  Study  Group  followed  a 
cohort  of  1380  children  with  Hodgkin’s  disease  to  deter¬ 
mine  the  incidence  of  second  neoplasms  and  the  risk  fac¬ 
tors  associated  with  them. 

Results.  In  this  cohort,  there  were  88  second  neo¬ 
plasms  as  compared  with  4.4  expected  in  the  general 
population  (standardized  Incidence  ratio,  18.1;  95  percent 
confidence  interval,  14.3  to  22.3).  The  estimated  actuar¬ 
ial  incidence  of  any  second  neoplasm  15  years  after  the 
diagnosis  of  Hodgkin’s  disease  was  7.0  percent  (95  per¬ 
cent  confidence  interval,  5.2  to  8.8  percent);  the  inci¬ 
dence  of  solid  tumors  was  3.9  percent  (95  percent  con¬ 
fidence  interval,  2.3  to  5.5  percent).  Breast  cancer  was 
the  most  common  solid  tumor  (standardized  incidence 
ratio,  75.3;  95  percent  confidence  interval,  44.9  to  118.4), 

IONG-TERM  sequelae  of  the  treatment  of  Hodgkin’s 
J  disease  are  being  encountered  with  increasing  fre¬ 
quency  because  of  the  marked  improvement  in  surviv¬ 
al. Second  neoplasms,  particularly  acute  myelogenous 
leukemia,  are  well-known  late  complications  in  patients 
who  have  been  treated  for  Hodgkin’s  disease  as  adults. 

An  increased  risk  of  second  neoplasms  in  patients  treat¬ 
ed  for  Hodgkin’s  disease  in  childhood  has  also  been  re¬ 
ported  by  the  Late  Effects  Study  Group and  others. 

In  an  earlier  study,  we  estimated  the  cumulative  proba¬ 
bility  of  any  second  neoplasm  to  be  20  percent  (4  percent 
for  leukemia  and  16  percent  for  solid  tumors)  20  years  af¬ 
ter  a  diagnosis  of  Hodgkin’s  disease  in  childhood. To 
inv’estigate  further  the  incidence  of  second  neoplasms  af- 

From  the  Department  of  Pediatrics.  Univer.sity  of  Minnesota,  Minneapolis 
(S.B.,  L.L.R.);  the  Institut  Gustave-Roussy.  ViMejuif,  France  (0.0. );  the  Hospital 
for  Sick  Children,  Toronto  (M.G.);  the  Children's  Hospital  of  Philadelphia.  Phil¬ 
adelphia  (G.B.,  A.T.M.);  and  the  National  Tumor  Institute.  Milan.  Italy  (F.F.-B.). 
Address  reprint  requests  to  Dr.  Robison  at  the  Division  of  Pediatric  Epidemiol¬ 
ogy  and  Clinical  Research,  University  of  Minnesota.  Box  422  UMHC,  Minneap¬ 
olis,  MN  55455. 

Supported  by  the  University  of  Minnesota  Children’s  Cancer  Research  Fund 
and  a  Public  Health  Service  Training  Grant  (T32  CA09607)  from  the  National 
Cancer  Institute. 


with  an  estimated  actuarial  incidence  in  women  that  ap¬ 
proached  35  percent  (95  percent  confidence  interval,  17.4 
to  52.6  percent)  by  40  years  of  age.  Older  age  (10  to  16 
vs.  <10  years)  at  the  time  of  radiation  treatment  (relative 
risk,  1.9)  and  a  higher  dose  (2000  to  4000  vs.  <2000  cGy) 
of  radiation  (relative  risk,  5.9)  were  associated  with  signif¬ 
icantly  increased  risk  of  breast  cancer.  The  estimated  ac¬ 
tuarial  incidence  of  leukemia  reached  a  plateau  of  2.8  per¬ 
cent  (95  percent  confidence  interval,  0.8  to  4.8  percent)  14 
years  after  diagnosis.  Treatment  with  alkylating  agents,  old¬ 
er  age  at  the  diagnosis  of  Hodgkin’s  disease,  recurrence 
of  Hodgkin’s  disease,  and  a  late  stage  of  disease  at  diag¬ 
nosis  were  risk  factors  for  leukemia. 

Conclusions.  The  risk  of  solid  tumors,  especially  breast 
cancer,  is  high  among  women  who  were  treated  with  ra¬ 
diation  for  childhood  Hodgkin’s  disease.  Systematic  screen¬ 
ing  for  breast  cancer  could  be  important  In  the  health  care 
of  such  women.  (N  Engl  J  Med  1996;334:745-51.) 

©1996,  Massachusetts  Medical  Society. 

ter  the  treatment  of  childhood  Hodgkin’s  disease  and  to 
identify  specific  factors  associated  with  the  risk,  we  ex¬ 
tended  the  median  follow-up  for  the  cohort  of  the  Late 
Effects  Study  Group  from  7  to  11.4  years  and  increased 
the  size  of  the  cohort  from  979  to  1380. 

Methods 

Fifteen  institutions  participated  in  this  study  (see  the  Appendix).  The 
cohort  consisted  of  children  who  were  less  than  16  years  of  age  when 
their  Hodgkin’s  disease  was  diagnosed  and  who  received  their  primary 
treatment  between  1955  and  1986  at  a  participating  institution. 

At  each  institution,  a  roster  of  all  patients  with  Hodgkin's  disease 
was  prepared,  and  data  were  abstracted  from  the  clinical  records.  Dos¬ 
es,  fields,  and  equipment  used  in  radiation  therapy  were  noted,  as  were 
agents,  doses,  and  durations  of  chemotherapy.  For  each  patient,  the 
date  of  last  contact  was  obtained  from  the  clinical  records.  For  patients 
in  whom  second  neoplasms  developed,  the  date  of  diagnosis,  the  his¬ 
tologic  characteristics  and  site  of  the  tumor,  and  whether  the  tumor 
arose  in  the  radiation-therapy  field  were  recorded.  If  the  patient  died, 
the  date  and  cause  of  death  were  also  reported.  Pathological  findings 
were  confirmed  at  the  treating  institution.  The  length  of  time  at  risk 
l()r  second  neoplasms  was  comput<.‘d  from  the  date  of  the  diagnosis  of 
Hodgkin’s  disease  to  the  date  oi  the  diagnosis  of  the  second  neoplasm, 
the  date  of  death,  or  the  date  of  last  contact,  whichever  came  first. 

for  purposes  of  analysis,  patients  were  classified  in  one  of  three 
mutually  exclusive  treatment  groups.  The  first  group  recei\  ed  radia- 
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tion  therapy  alone,  the  second  group  received  chemotherapy  alone, 
and  the  third  group  receiv^ed  both  radiation  therapy  and  chemother¬ 
apy  (the  latter  either  as  part  of  the  primary  treatment  or  as  salvage 
therapy  for  recurrence). 

Patients  who  were  treated  with  alkylating  agents  were  analyzed  sep¬ 
arately.  The  following  drugs  were  included  in  that  class:  mechlor- 
ethamine  hydrochloride,  cyclophosphamide,  chlorambucil,  procarba¬ 
zine,  nitrosoureas,  triethylenemelamine,  thiotepa,  and  dacarbazine.  A 
score  for  the  doses  of  alkylating  agents  received  by  each  patient"’  was 
calculated  as  follows:  a  single  alkylating  agent  administered  for  at 
least  six  months  was  assigned  a  score  of  1 ;  two  alkylating  agents  for 
six  months,  a  score  of  2;  and  so  on.  All  such  scores  corresponding  to 
the  patient’s  treatment  course  were  added  together  and  rounded  to 
the  nearest  integer. 

To  estimate  the  risk  of  second  neoplasms,  the  number  of  person- 
years  of  observation  was  compiled  for  subgroups  of  the  cohort  defined 
by  age  and  sex.  Rates  of  incidence  of  cancer  (obtained  from  the  reg¬ 
istry  of  the  Surveillance,  Epidemiology,  and  End  Results  Program  of 
the  National  Institutes  of  Health"-^)  were  used  to  calculate  the  expect¬ 
ed  number  of  cases  of  cancer.  Standardized  incidence  ratios  were  cal¬ 
culated  as  the  ratios  of  observed  to  expected  cases.  The  95  percent 
confidence  intervals  were  estimated  by  a  method  described  by  Van- 
denbroucke.^"  Cumulative  probabilities  of  second  neoplasms  were  cal¬ 
culated  with  actuarial  methods.^'  Cox  regression  techniques  were 
used  to  calculate  estimates  of  relative  risk.  Variables  included  in  the 
regression  model  were  sex,  age  at  the  diagnosis  of  Hodgkin’s  disease, 
clinical  stage  of  the  disease,  treatment  group,  whether  splenectomy 
had  been  performed,  the  aikylating-agent  score,  and  the  dose  of  radi¬ 
ation.  Recurrence  was  included  as  a  time-dependent  covariate  in  the 
regression  model.  Age  at  the  diagnosis  of  Hodgkin’s  disease  was  an¬ 
alyzed  both  as  a  categorical  variable  (less  than  10  years  or  10  to  16 
years)  and  as  a  continuous  variable.  Clinical  stages  I  and  II  and  clin¬ 
ical  stages  III  and  IV  were  grouped  because  of  the  strong  correlation 
between  treatment  and  clinical  presentation. 

Results 

The  median  duration  of  follow-up  was  11.4  years,  and 
80  percent  of  the  cohort  of  1380  eligible  patients  with 
Hodgkin's  disease  were  alive  at  the  time  of  last  contact 


Table  1.  Characteristics  of  the  Patients. 


Characteristic 

Total 

Cohort 

Patients  with  Second  Cancer 

No.  of  patients 

1380 

SOLID 

TUMOR 

56 

LEUKEMIA 

26 

non- 

Hodgkin’s 

LYMPHOMA 

6 

Male  sex  —  % 

65 

43 

69 

50 

Stage  of  Hodskin’s  disease  —  % 

I  or  II 

65 

76 

31 

67 

III  or  IV 

35 

24 

69 

33 

Age  at  diagnosis 

Median  —  yr 

11 

12 

11 

11 

Range  —  yr 

1-16 

2-16 

3-15 

7-15 

<  10  yr  —  no.  of  patients 

504  (6025) 

17 

6 

2 

(person-yr  of  follow-up) 

10-16  yr  —  no.  of  patients 

876  (9635) 

39 

20 

4 

(person-yr  of  follow-up) 

Time  to  second  cancer  —  yr 

Median 

— 

14 

4 

14 

Range 

— 

0.8-28 

0.8-14 

0.8-18 

Follow-up  —  yr 

Median 

1 1.4 

19 

5 

13 

Range 

0.1-37 

4-36 

2-15 

1-23 

Treatment  —  %  of  patients 

Radiation  alone 

23 

30 

0 

17 

Chemotherapy  alone 

8 

2 

19 

17 

Radiation  and  chemotherapy 

69 

68 

81 

66 

Death  —  Vc 

20 

30 

96 

83 

Table  2.  Observed  and  Expected  Rates  of  Second  Cancers  in 
the  Entire  Cohort,  According  to  Type  and  Site. 


Type  or  Site 

Observed 

Cases 

Expected 

Cases 

Standardized 
Incidence  Ratio 
{95%  CD* 

All  cancerst 

79 

4.4 

18.1  (14.3-22.3) 

Leukemia 

26 

0.3 

78.8  (56.6-123.2) 

Acute  myelogenous  leukemia 

24 

0.1 

321.3  (207.5-467.1) 

Non-Hodgkin ’s  lymphoma 

6 

0.3 

20.9  (7.7^2.0) 

Solid  tumors$ 

47 

3.9 

11.8  (8.7-15.4) 

Breast§ 

17 

0.2 

75.3  (44.9-118.4) 

Thyroid 

10 

0.3 

32.7  (15.3-55.3) 

Bone 

4 

0.2 

24.6  (6.4-54.5) 

Brain 

4 

0.4 

10.5  (2.7-23.4) 

Colorectal 

3 

O.I 

38.9  (7.3-95.3) 

Gastric 

2 

0.02 

121.3  (11.4-145.2) 

*CI  denotes  confidence  interval. 

fThis  category  excludes  the  nine  cases  of  nonmelanoma  skin  cancer. 

+This  category  excludes  lymphatic  and  hematopoietic  tumors.  The  sum  of  the  solid  tumors 
listed  does  not  equal  the  total  number  given  because  only  types  for  which  the  risk  wa.s  signif¬ 
icantly  elevated  are  included. 

§The  cohort  for  this  analysis  included  only  women. 

(Table  1).  At  the  time  data  were  abstracted,  there  had 
been  documented  contact  with  approximately  71  per¬ 
cent  of  the  patients  within  the  previous  five  years  and 
with  54  percent  of  the  patients  within  the  previous  two 
years.  Treatment  for  Hodgkin's  disease  consisted  of  ra¬ 
diation  and  chemotherapy  in  69  percent  of  the  patients, 
radiation  alone  in  23  percent,  and  chemotherapy  alone 
in  8  percent.  Among  the  patients  who  received  radia¬ 
tion  therapy,  orthovoltage  techniques  were  used  for 
treatment  in  only  2  percent. 

Second  neoplasms  developed  in  109  patients:  56  had 
solid  cancers,  26  had  leukemia,  6  had  non-Hodgkin's 
lymphoma,  and  21  had  benign  tumors.  The  benign  tu¬ 
mors  included  12  thyroid  adenomas,  4  osteochondromas, 
3  fibroadenomas  of  the  breast,  and  2  dysplastic  nevi. 

The  numbers  of  observed  and  expected  second  can¬ 
cers  are  shown  in  Table  2.  There  were  signihcantly  el¬ 
evated  relative  risks  for  all  cancers  combined,  for  leu¬ 
kemia,  for  non-Hodgkin’s  lymphoma,  and  for  breast, 
thyroid,  bone,  central  nervous  system,  colorectal,  and 
gastric  cancers. 

Figure  1  shows  the  actuarial  risks  of  all  second  can¬ 
cers,  solid  tumors,  leukemia,  and  non-Hodgkin’s  lym¬ 
phoma.  The  mean  cumulative  incidence  of  any  second 
cancer  was  7.0  percent  (95  percent  confidence  interval, 
5.2  to  8.8  percent)  at  15  years.  Most  of  this  risk  was  due 
to  solid  tumors;  the  steep  increase  in  the  cumulative  in¬ 
cidence  of  solid  tumors  began  12  years  after  the  diag¬ 
nosis  of  Hodgkin’s  disease,  and  the  risk  rose  to  3.9  per¬ 
cent  (95  percent  conhdence  interval,  2.3  to  5.5  percent) 
at  15  years.  In  contrast,  the  risk  of  leukemia  reached  a 
plateau  at  2.8  percent  (95  percent  confidence  interval, 
0.8  to  4.8  percent),  and  the  risk  of  non-Hodgkin’s  lym¬ 
phoma  plateaued  at  1.1  percent  (95  percent  confidence 
interval,  0  to  3.1  percent). 

We  also  estimated  the  standardized  incidence  ratio 
for  cancer  according  to  the  period  of  observation  (i.e., 
the  interval  from  first  treatment  to  the  diagnosis  of  a 
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second  cancer)  (Table  3).  The  standardized  incidence 
ratio  was  highest  during  the  first  five  years  of  follow-up 
and  gradually  declined  thereafter.  This  phenomenon  is 
consistent  with  the  increase  in  the  expected  incidence 
of  cancer  with  increasing  age.  For  leukemia,  the  excess 
risk  appeared  within  the  first  5  years  of  treatment  and 
declined  over  the  next  10  years  of  follow-up.  No  cases  of 
leukemia  were  observed  beyond  15  years  after  the  diag¬ 
nosis  of  Hodgkin’s  disease. 

Leukemia 

Leukemia  developed  in  26  patients.  Twenty-four  of 
them  had  acute  myeloid  leukemia,  one  had  acute  lym¬ 
phoblastic  leukemia,  and  one  had  chronic  myeloid  leu¬ 
kemia.  There  were  no  cases  of  leukemia  in  the  group 
treated  only  with  radiotherapy.  The  cumulative  risks  of 
leukemia  (at  15  years)  were  higher  in  the  group  of  pa¬ 
tients  who  received  chemotherapy  alone  (7.9  percent;  95 
percent  confidence  interval,  1.0  to  14.8  percent)  than 
among  the  patients  who  were  treated  with  both  radia¬ 
tion  and  chemotherapy  (3.4  percent;  95  percent  confi¬ 
dence  interval,  1.8  to  4.9  percent)  (Table  4). 

The  risk  of  leukemia  rose  with  an  increase  in  the  al- 
kylating-agent  score  (relative  risk  of  leukemia  per  unit 
increase  in  the  score,  1.5;  95  percent  confidence  inter¬ 
val,  1.2  to  1.8).  Among  the  340  patients  who  received  a 
combination  of  mechlorethamine,  vincristine,  procarba¬ 
zine,  and  prednisone,  the  cumulative  probability  of  leu¬ 
kemia  15  years  after  the  diagnosis  of  Hodgkin’s  disease 
was  2.9  percent  (95  percent  confidence  interval,  0.7  to 
5.1  percent),  as  compared  with  0.9  percent  (95  percent 
confidence  interval,  0  to  9.5  percent)  among  the  103  pa¬ 
tients  who  received  a  combination  of  doxorubicin,  bleo¬ 
mycin,  vinblastine,  and  dacarbazine.  Univariate  analysis 
revealed  that  patients  were  at  increased  risk  for  leukemia 
if  they  had  had  one  or  more  recurrences  of  Hodgkin’s 
disease  (relative  risk,  2.3;  95  percent  confidence  inter¬ 
val,  1.2  to  5.2),  a  later  stage  (III  or  IV)  at  diagnosis  (rel¬ 
ative  risk,  4.2;  1.7  to  10.3),  or  an  older  age  (10  to  16)  at 
the  diagnosis  of  Hodgkin’s  disease  (relative  risk,  3.6;  1.1 
to  12.2).  The  risk  of  leukemia  was  not  significantly  in¬ 
creased  in  the  subjects  who  had  undergone  splenectomy 
(relative  risk,  1.4;  95  percent  confidence  interval,  0.6  to 
3.4).  Of  the  572  patients  who  underwent  splenectomy, 
13  had  leukemia,  as  compared  with  9  of  the  637  patients 
who  did  not  undergo  splenectomy. 

Multivariate  analysis  revealed  that  a  late  stage  of  Hodg¬ 
kin’s  disease  at  diagnosis  and  recurrent  disease  independ¬ 
ently  predicted  the  risk  of  secondary  leukemia.  However, 
patients  presenting  with  late -stage  disease  had  a  signifi¬ 
cantly  higher  mean  (±SE)  alkylating-agent  score  than 
those  presenting  with  early-stage  disease  (2.4 ±0.06  vs. 
L2±0.04,  P<0.001).  Similarly,  patients  with  recurrent 
Hodgkin’s  disease  had  received  significantly  higher  cu¬ 
mulative  doses  of  alkylating  agents  than  patients  with  no 
recurrence  (mean  score,  2.5±0.08  vs.  l.2±0.03;  P<0.001). 
In  addition,  patients  who  presented  with  late-stage  dis¬ 
ease  and  had  also  had  a  recurrence  had  significantly 
higher  alkylating-agent  scores  than  patients  who  present¬ 


ed  with  early-stage  disease  and  had  no  subsequent  recur¬ 
rence  (mean  score,  3.4±0.1  vs.  0.9±0.04;  P<0.001). 

Of  the  26  patients  with  leukemia,  25  died;  the  median 
survival  was  2.5  months  after  the  diagnosis  of  leukemia. 
Twenty-three  patients  died  of  secondary  leukemia,  one  in 
an  accident,  and  one  of  progressive  Hodgkin’s  disease. 

Lymphomas 

Non-Hodgkin’s  lymphoma  developed  in  six  patients. 
The  alkylating-agent  score  was  the  only  significant  inde¬ 
pendent  risk  factor  for  non-Hodgkin’s  lymphoma  (rela¬ 
tive  risk,  1.7;  95  percent  confidence  interval,  1.2  to  2.6). 
Five  patients  with  non-Hodgkin’s  lymphoma  died;  the 
median  survival  was  2.5  months.  Four  died  of  the  non- 
Hodgkin’s  lymphoma,  and  one  of  progressive  Hodgkin’s 
disease. 

Solid  Cancers 

Solid  cancers  developed  in  56  patients.  Breast  cancer 
was  the  most  common  solid  tumor,  occurring  in  17  pa¬ 
tients.  Ten  patients  had  thyroid  cancer,  nine  had  basal¬ 
cell  carcinomas,  four  had  bone  tumors,  four  had  brain 
tumors,  and  three  had  colorectal  carcinomas.  Gastric 
carcinomas,  tumors  of  the  female  genitourinary  tract,  pa¬ 
rotid-gland  tumors,  soft-tissue  sarcomas,  and  neuroblas¬ 
toma  occurred  in  one  or  two  patients  each.  Risk  factors 
were  analyzed  both  with  and  without  the  inclusion  of 
basal-cell  carcinomas.  There  was  no  difference  between 
the  results  of  the  two  analyses,  and  so  those  of  the  latter 
are  reported. 

Sixty-six  percent  of  the  solid  cancers  developed  in 
the  group  of  patients  who  had  received  both  radiation 
and  chemotherapy  (Table  4).  The  estimated  cumula¬ 
tive  probability  of  a  solid  tumor  20  years  after  the  di¬ 
agnosis  of  Hodgkin’s  disease  was  significantly  higher 
among  women  (12.6  percent;  95  percent  confidence  in¬ 
terval,  6.8  to  18.4  percent)  than  men  (3.9  percent;  1.5  to 
6.3  percent).  When  the  17  women  with  breast  cancer 
were  excluded,  the  cumulative  probability  of  solid  tumors 
among  the  women  in  the  group  (8.8  percent;  95  percent 


Years  after  Diagnosis  of  Hodgkin’s  Disease 

Figure  1.  Cumulative  Probability  of  Second  Cancers  in  1380  Pa¬ 
tients  with  Hodgkin’s  Disease  in  Childhood. 
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Table  3.  Standardized  Risk  Ratios  for  Second  Cancers,  According  to  the  Length  of  the  Follow-up  Interval. 


Type  of  Cancer* 

Length  of  Follow-up 

AH  cancers 

0-5  YR 

6-!0  YR 

1 I-I5  YR 

16-20  YR 

>20  YR 

Observed 

29 

15 

17 

8 

10 

Observed:expected 
(95%  Cl) 

Leukemia 

28.0(18.8-39.2) 

17.9  (10-28.5) 

15.3  (8.9-23.5) 

6.7  (2.9-12.2) 

35.9(17.1-61.7) 

Observed 

18 

6 

2 

0 

0 

Observed:expected 
(95%  Cl) 

Non-Hodgkin’s  lymphoma 

99.6  (58.9-150.9) 

83.3  (29.9-163.3) 

37.3  (3.5-106.9) 

0 

0 

Observed 

2 

2 

1 

1 

0 

Observedrexpected 
(95%  Cl) 

Solid  tumors 

All 

24.6  (2.3-70.6) 

33.1  (3.1-94.7) 

13.3  (0-52.3) 

12.6  (0-49.5) 

0 

Observed 

9 

7 

14 

7 

10 

Observed:expected 
(95%  Cl) 

Breast 

11.6  (5.2-20.5) 

10(3.9-18.7) 

14.3  (7.8-22.2) 

6.5  (2.6-12.2) 

39.7  (18.9-68.1) 

Observed 

2 

2 

4 

1 

8 

Observed  :expected 
(95%  Cl) 

Thyroid 

4950.5  (466.7-14,188.8) 

231.8  (21.8-664.3) 

76.2  (19.8-169.2) 

7.5  (0-29.6) 

141.5  (60.4-256.5) 

Observed 

1 

3 

4 

2 

0 

Observed:  expected 
(95%  Cl) 

18.7  (0-73.2) 

41.1  (7.7-100.7) 

40.9(10.6-90.8) 

21.5  (2.0-61.7) 

0 

^Observed  denotes  the  number  of  cases  observed.  observed:expected  the  ratio  of  observed  to  expected  cases,  and  Cl  confidence  interval. 


confidence  interval,  3.4  to  14.2  percent)  approached 
that  among  the  men  (3.9  percent;  1.5  to  6.3  percent). 
Multivariate  analysis  revealed  that  female  sex  was  as¬ 
sociated  w'ith  an  increased  risk  of  solid  tumors  (relative 
risk,  2.9;  95  percent  confidence  interval,  1.5  to  5.4).  Old¬ 
er  patients  (those  10  to  16  years  of  age  at  the  diagnosis 
of  Hodgkin’s  disease)  also  appeared  to  be  at  increased 
risk  for  solid  tumors  (relative  risk  as  compared  with 
those  <10  years  at  diagnosis,  1.8;  95  percent  confidence 
interval,  0.96  to  4.0).  Exclusion  of  the  nine  patients  with 
basal-cell  carcinoma  made  this  association  nonsignifi¬ 
cant  (relative  risk,  1.6;  95  percent  confidence  interval, 
0.8  to  3.1), 

Seventeen  of  the  56  patients  with  solid  tumors  died. 
The  median  survival  was  12.5  months  after  the  diagno¬ 
sis  of  the  second  neoplasm;  10  deaths  were  due  to  the  sec¬ 
ond  neoplasm  and  7  to  accidents. 

Breast  Cancer 

Of  the  17  women  in  whom  breast  cancer  developed, 
7  had  received  radiation  therapy  alone  and  10  had  re¬ 
ceived  radiation  and  chemotherapy.  Of  the  17  cancers,  16 
appeared  within  or  at  the  margin  of  the  radiation  field. 
In  one  patient,  the  tumor  (a  multifocal  infiltrating  duc¬ 
tal  carcinoma)  occurred  outside  the  radiation  field  (the 
patient  had  received  radiation  to  the  neck).  Five  patients 
had  bilateral  breast  tumors.  The  majority  of  the  tumors 
were  infiltrating  ductal  or  lobular  carcinomas.  The  me¬ 
dian  age  at  the  time  of  diagnosis  of  breast  cancer  was 
31.5  years  (range,  16  to  42).  Three  patients  died  of  their 
breast  cancer  (median  survival,  3  years),  eight  were  alive 
with  disease  at  this  writing  (median  length  of  follow-up 
after  diagnosis,  10  months),  four  were  alive  without  dis¬ 


ease  (median  length  of  follow-up,  4.5  years),  and  the 
status  of  two  was  unknown. 

The  women  in  our  cohort  of  survivors  of  Hodgkin’s 
disease  had  a  risk  of  breast  cancer  that  was  75  times 
the  risk  in  the  general  population  (Table  2).  The  risk  of 
breast  cancer  was  elevated  throughout  the  follow-up 
period,  and  the  interval  from  the  diagnosis  of  Hodg¬ 
kin’s  disease  to  the  diagnosis  of  breast  cancer  was  less 
than  five  years  in  two  cases  (Table  3).  Figure  2  shows 
the  estimated  cumulative  probability  of  breast  cancer  as 
a  function  of  the  age  of  the  cohort  of  female  survivors 
of  Hodgkin’s  disease.  The  estimated  actuarial  cumula¬ 
tive  probability  of  breast  cancer  was  35  percent  (95  per¬ 
cent  confidence  interval,  17.4  to  52.6  percent)  at  40  years 
of  age. 

Univariate  analysis  revealed  that  patients  who  were 
10  to  16  years  of  age  when  Hodgkin’s  disease  was  diag¬ 
nosed  and  treated  were  at  increased  risk  for  breast  can¬ 
cer  as  compared  with  those  who  were  younger  than  10 
at  diagnosis  (relative  risk,  6.7;  95  percent  confidence  in¬ 
terval,  1.2  to  28.6).  In  addition,  patients  w'ho  underw^ent 
splenectomy  appeared  to  be  at  increased  risk  for  breast 
cancer  (relative  risk,  2.6;  95  percent  confidence  interval, 
0.96  to  5.0).  Patients  with  breast  cancer  received  a  high¬ 
er  dose  of  radiation  to  the  mantle  region  (median,  4000 
cGy;  range,  0  to  4750)  than  those  in  whom  breast  can¬ 
cer  did  not  develop  (median,  2000  cGy;  range,  0  to  5200). 
Seventy-six  pei  cent  of  the  patients  who  had  breast  can¬ 
cer  had  received  at  least  2000  cGy  of  radiation  to  the 
mantle  region,  as  compared  with  48  percent  of  the  pa¬ 
tients  w'ho  did  not  have  breast  cancer. 

Multivariate  analysis  revealed  that  an  age  of  more 
than  10  years  at  the  time  of  diagnosis  of  Hodgkin’s  dis- 
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Table  4.  Risks  of  Second  Cancers  According  to  the  Type 
of  Treatment  for  Hodgkin’s  Disease.* 


Cumulative 

Observed:  Expected 

Probability 

Observed 

Cases 

at  15  YR 

Type  of  Cancer  and  Treatment 

Cases 

(95%  CI) 

(95%  CI) 

% 

Leukemia 

Radiation 

0 

0 

0 

Chemotherapy 

5 

1091  (344-2256) 

7.9(1.0-14.8) 

Radiation  and  chemotherapy 
Non-Hodgkin’s  lymphoma 

21 

439  (270-645) 

3.4(1. 8-4.9) 

Radiation 

1 

11  (0.01-44) 

0.4  (0-1.2) 

Chemotherapy 

1 

60  (0.02-235) 

0.0 

Radiation  and  chemotherapy 
Solid  tumors 

4 

23  (6-50) 

0.9  (0-1.9) 

Radiation 

15 

11  (6-17) 

3.3  (2.9-3.7) 

Chemotherapy 

1 

5  (0.01-18) 

2.9  (2.3-3.5) 

Radiation  and  chemotherapy 

31 

13  (9-18) 

4.6  (4.4-4.8) 

*CI  denotes  confidence  interval. 

ease  was  independently  associated  with  increased  risk 
(relative  risk,  1.9;  95  percent  confidence  interval,  1.1  to 
3.2),  as  was  a  higher  dose  of  radiation  (as  compared  with 
a  radiation  dose  of  <2000  cGy,  the  relative  risk  for  a 
dose  between  2000  and  4000  cGy  was  5.9  [1.2  to  30,3], 
and  the  relative  risk  for  a  dose  exceeding  4000  cGy  was 
23.7  [3.7  to  152.3]). 

Discussion 

Among  the  1380  patients  who  were  treated  for  child¬ 
hood  Hodgkin’s  disease  between  1955  and  1986  at  15 
institutions,  we  found  the  estimated  cumulative  risk  of 
a  second  cancer  to  be  7.0  percent  15  years  after  the  ini¬ 
tial  diagnosis.  This  report  provides  evidence  that  the 
risk  of  a  second  neoplasm  is  increased  about  18  times 
in  long-term  survivors  of  childhood  Hodgkin’s  disease. 
The  risk  was  highest  in  patients  who  were  older  when 
they  had  Hodgkin’s  disease,  with  74  percent  of  the  can¬ 
cers  occurring  in  those  who  received  diagnoses  between 
10  and  16  years  of  age.  This  finding  is  similar  to  that  re¬ 
ported  by  Beaty  et  al.'^ 

Breast  cancer  was  the  most  common  solid  tumor  in 
this  group  of  patients.  The  women  in  our  cohort  had  a 
risk  of  breast  cancer  75  times  greater  than  that  in  the 
general  population.  Moreover,  the  estimated  cumulative 
probability  of  breast  cancer  among  women  in  our  cohort 
who  survived  childhood  Hodgkin’s  disease  approached 
35  percent  at  40  years  of  age.  For  our  multinational  in¬ 
vestigation,  we  used  the  rates  of  the  U.S.  Surveillance,  Ep¬ 
idemiology,  and  End  Results  Program  for  the  incidence 
of  breast  cancer  in  the  general  population’-’  because  the 
age -standardized  rates  for  Erance  (66.2  per  100,000),  It¬ 
aly  (65.4  per  100,000),  and  the  United  Kingdom  (63.4 
per  100,000)  are  roughlv  similar  to  that  in  the  United 
States  (89.2  per  100,000);^' 

An  increased  risk  of  breast  cancer  has  been  observed 
among  women  exposed  to  radiation  from  atomic-bomb 
explosions,  repeated  chest  fluoroscopy,  or  treatment  of 
postpartum  mastitis.'^*^*-’^  Most  previous  studies  of  large 


populations  of  patients  who  were  treated  for  Hodgkin’s 
disease  did  not  detect  a  significantly  elevated  risk  of 
breast  cancer. This  may  be  because  of  the  long  in¬ 
terval  between  the  occurrence  of  Hodgkin’s  disease  and 
the  appearance  of  breast  cancer.  The  paucity  of  young 
patients  in  most  reported  series  must  also  be  taken  into 
account  because  of  the  association  of  the  risk  of  breast 
cancer  with  younger  age  at  the  time  of  treatment  for 
Hodgkin’s  disease.^*^  One  study  of  885  women  who  were 
treated  for  Hodgkin’s  disease  with  radiation  before  30 
years  of  age  found  a  fourfold  increase  in  the  risk  of  breast 
cancer.^^  However,  only  76  patients  in  this  report  were 
less  than  15  years  old  when  Hodgkin’s  disease  was  diag¬ 
nosed;  3  of  those  76  patients  had  breast  cancer. 

In  our  study,  breast  cancer  occurred  exclusively  in 
women.  The  majority  of  breast  cancers  arose  within  the 
field  of  radiation.  We  found  that  the  risk  of  breast  can¬ 
cer  increased  with  the  dose  of  radiation;  most  breast 
cancers  occurred  in  patients  who  had  received  at  least 
2000  cGy  in  the  mantle  region. 

The  increased  risk  of  breast  cancer  after  treatment 
for  Hodgkin’s  disease  was  related  to  age  at  the  time  of 
radiation  exposure.  Sixteen  of  the  17  breast  cancers  oc¬ 
curred  in  patients  who  were  between  10  and  16  years  of 
age  when  Hodgkin’s  disease  was  diagnosed.  Hancock 
et  al.  reported  an  increased  risk  of  breast  cancer  among 
women  who  were  less  than  30  years  old  when  Hodg¬ 
kin’s  disease  was  diagnosed.^^  In  atomic-bomb  survivors, 
an  increased  risk  of  breast  cancer  was  found  in  the  group 
of  women  who  were  in  the  first  three  decades  of  life 
when  they  were  exposed  to  the  radiation. The  high 
incidence  of  breast  cancer  in  women  who  are  exposed  to 
high  doses  of  radiation  between  10  and  16  years  of  age 
suggests  that  the  tumorigenic  influence  of  radiation  main¬ 
ly  affects  proliferating  breast  tissue. 

We  found  that  after  a  relatively  short  period  of  latency 
(4.4  years),  the  cumulative  incidence  of  leukemia  rose 
sharply,  but  it  appeared  to  reach  a  plateau  after  14  years, 
which  is  consistent  with  data  from  other  studies.’^  The 
dose- dependent  association  of  alkylating  agents  with  sec¬ 
ondary  leukemia  and  non-Hodgkin’s  lymphoma  has  been 
reported  by  others.’^  ’®  The  combination  of  doxorubicin, 
bleomycin,  vinblastine,  and  dacarbazine  appeared  to  be 
less  leukemogenic  than  the  combination  of  mechloreth- 
amine,  vincristine,  procarbazine,  amd  prednisone,  but  the 
difference  was  not  statistically  significant. 

It  has  not  been  established  that  splenectomy  is  a  risk 
factor  for  secondary  leukemia. In  the  original  cohort 
of  979  survivors  of  Hodgkin’s  disease  in  the  Late  Effects 
Study  Group,  splenectomy  had  borderline  significance  as 
a  risk  factor  (P  =  0.09),’^  and  in  the  present  study,  we  did 
not  find  any  independent  relation  between  splenectomy 
and  the  risk  of  secondary  leukemia  or  solid  tumors. 

In  contrast  to  the  risk  of  treatment-related  leukemia, 
which  plateaued  after  14  years,  the  risk  of  solid  tumors 
continued  to  increase  beyond  15  years  and  approached 
30  percent  at  30  years.  This  is  an  important  problem  in 
survivors  of  Hodgkin’s  disease  and  underscores  the  ne- 
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Figure  2.  Cumulative  Probability  of  Breast  Cancer  as  a  Function 
of  Age  in  the  Cohort  of  Female  Survivors  of  Hodgkin’s  Disease 
in  Childhood. 

Bars  indicate  standard  errors. 

cessity  of  medical  monitoring.  The  high  risk  of  breast 
cancer  in  women  exposed  to  radiation  at  a  young  age 
raises  important  issues  regarding  screening  programs 
(such  as  physical  examination  of  the  breast,  sonography, 
mammography,  and  quantitative  magnetic  resonance  im¬ 
aging).  We  must  also  consider  chemoprevention  (tamox¬ 
ifen  and  retinoids)  for  survivors  of  Hodgkin’s  disease  who 
are  at  high  risk  for  breast  cancer.  Efforts  to  develop  treat¬ 
ments  for  Hodgkin’s  disease  that  are  curative  but  less 
carcinogenic  should  continue. 

Appendix 

In  addition  to  the  authors,  the  Late  EITects  Study  Group  included 
the  following:  Dana-Farber  Cancer  Institute,  Boston  —  S.  Sallen  and 
F.  Li;  Columbus  Children’s  Hospital,  Columbus,  Ohio  —  R.  Ruymann 
and  W.  Newton;  Children’s  Memorial  Hospital,  Chicago  —  E.  Mor¬ 
gan;  Royal  Manchester  Children’s  Hospital,  Manchester,  England  — 
P.  Morris-Jones  and  J.  Birch;  Emma  Kinderziekenhuis,  .Amsterdam  — 
P.A.  Voute;  Children’s  Hospital,  Los  Angeles  —  S.  Siegel;  Children’s 
Hospital  Medical  Center,  Cincinnati  —  C.  DeLaat;  Children’s  Nation¬ 
al  Medical  Center,  Washington,  DC.  —  H.S.  Nicholson;  and  Chil¬ 
dren’s  Hospital,  Pittsburgh  — J.  Blatt. 
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